Purpose Evaluations for knee osteoarthritis (OA) or postoperative total knee arthroplasty (TKA) have mainly been assessed by objective scales. Though the Knee injury and Osteoarthritis Outcome Score (KOOS) is attracting attention as a patient-based outcome score, the relationship with conventional objective scales after TKA remains controversial. The purpose of this study was to investigate the relationship between KOOS and conventional objective scales and evaluate the features of patient-based outcome scores. Methods Subjects were 130 post-operative patients involving 186 knees treated with TKA. Their mean age was 74.0± 8.0 years, and the follow-up period was 43 months. Japanese Orthopaedic Association (JOA) score, original Knee Society Score (KSS) and surgeon's satisfaction score were scored as conventional objective scales besides KOOS. Spearman's correlation coefficient was estimated between these scales. Comparisons between OA and rheumatoid arthritis (RA) as well as primary and revision surgery were performed by the Mann-Whitney U test. Results There were strong correlations between KOOS activities of daily living (ADL) and JOA score (r =0.806), KSS function score (r =0.803) and between KOOS pain and KSS knee score (r =0.689). However, there was a poor correlation between KOOS and surgeon's satisfaction score (r =0.188-0.321). TKA for RA showed poorer results only in KOOS pain (p =0.003), and revision surgery showed poorer results in KSS function, KOOS symptoms and KOOS quality of life (QOL). Conclusions This study suggested that conventional objective scales reflected mainly ADL disturbances in post-operative TKA patients. Furthermore, patient-based outcome scores made it possible to evaluate and detect a minute change of knee pain and QOL in TKA patients. The Japanese KOOS was a useful tool to evaluate conditions after TKA.
Introduction
Knee osteoarthritis (OA) is common in the elderly population, and 25.3 million people have knee OA in Japan [1] . This prevalence is higher than in other countries by approximately 30 % in patients over 65 years old [2] . Knee OA causes chronic pain, disabilities and falls and leads to confinement to bed [3] . Furthermore, severe and painful knee OA often needs total knee arthroplasty (TKA) as the operative option to relieve pain and recover knee function. The Osteoarthritis Research Society International recommends this treatment which has advantages in cost-effectiveness [4] . Previous post-operative observational studies have shown excellent implant survival rates and good doctor-based objective outcomes [5] , even in severely deformed varus knees [6] , younger patients with intense activity [7, 8] , rheumatoid arthritis [9] and revision surgery [10] .
Clinical evaluation of the patients' symptoms, activities of daily living (ADL) and quality of life (QOL) are mainly performed by the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [11] and Knee injury and Osteoarthritis Outcome Score (KOOS) [12] . In Japan, available criteria for evaluating patients' subjective symptoms have mainly been the 36-Item Short Form (SF-36) [13, 14] or the Japanese Knee Osteoarthritis Measure (JKOM) [15] . Recently, the Japanese KOOS was confirmed for its validity and reliability regarding patientbased outcome scores through cross-cultural adaptation [16] . However, application of its features in Japanese TKA patients has been unclear. Whereas objective scales such as the Knee Society Score (KSS) and Japanese Orthopaedic Association (JOA) score have well-established validation and response rates [17, 18] , the Japanese KOOS has shown little correlation with objective scales for patient-based outcome scores in previous studies [19] . Furthermore, the normal variability and responses of KOOS in Japanese patients and the general population are unknown. In evaluating patients related to knee surgery, each domain consists of items based on ADL. However, there are some differences in lifestyle between Japan and Western countries, making it necessary to investigate the suitability of the Japanese KOOS in evaluating patients regionally. Relationships and differences between these conventional objective scales and the Japanese KOOS in postoperative TKA patients also need to be clarified in order to investigate their correspondence and interchangeability.
The purpose of this study was to investigate the relationship between conventional objective scales and patient-based outcome scores. Furthermore, this study aimed to reveal the normal variability and features of the Japanese KOOS in the post-operative TKA patients. We postulated that conventional objective scales could reflect only a part of the post-operative symptoms and conditions evaluated by the patient-based outcome score.
Materials and methods

Subjects
Subjects were patients who had TKA performed in our institution from May 2002 to April 2010 and had been followed up for more than two years. A total of 219 knees in 156 patients had undergone TKA. Post-operative knee symptoms were evaluated by self-reported questionnaires sent by mail, besides the observation of physical examinations and radiographs in final follow-ups. The response rate of questionnaires sent by mail was 130 of 156 patients (83.3 %). Finally, a total of 130 patients (16 men and 114 women) and 186 knees (20 knees in men and 166 knees in women) were used for statistical analysis of this retrospective study. All participants provided written informed consent for this, and the study was conducted with the approval of the ethics Committee of Hirosaki University School of Medicine. The mean age of patients was 74.0±8.0 years old and follow-up duration was 49 (24-120) months (Table 1) . TKA was the primary surgery in 170 patients (91.4 %) and revision surgery in 16 patients (8.6 %). In our institution, causative diseases for TKA were OA (174 patients, 93.5 %), rheumatoid arthritis (RA) (ten patients, 5.4 %) and osteonecrosis (two patients, 1.1 %).
Patient evaluations
Subjective evaluation was performed by using KOOS which is representative of patient-based outcome score. KOOS consisted of 42 knee-related items, and each item was scored from 0 to 4. Five subscales of symptoms, pain, ADL, sports and QOL were converted to 100 points. Decreasing scores indicate worsening of knee symptoms. JOA score and KSS knee score and function score were used as conventional objective scales [20] . Each scale was scored from 0 to 100 points, and 0 points indicate the worst condition of the knee. In addition, surgeons scored the surgeon's satisfaction score based on a post-operative feeling of the surgeon. This surgeon's satisfaction score was scored as a total of 10 points, according to diagnostic impression and post-operative radiographs.
X-ray findings
As an additional objective scale, weight-bearing anteroposterior knee radiographs were taken in all patients. Radiographic examination was performed by standard protocol, and radiographs were converted into Digital Imaging and Communications in Medicine (DICOM) data. Femorotibial angles (FTA) were measured before surgery and at final follow-up, and the corrected angle was calculated. FTA was determined as an angle formed by a line passing through the midpoint of the femoral cortex and the midpoint of the tibial cortex.
Surgical procedures
TKA was performed with the image-free navigated system (OrthoPilot TKA ver. 4.2, B. Braun Aesculap, Tuttlingen, Germany). A parapatellar approach was performed to expose the knee. Tracker diodes were positioned and fixed to the proximal tibia and distal femur to induce the navigation system. After registration of kinematic data, anatomical landmarks were registered. The tibia was cut with a varus/valgus and anterior/posterior slope of 0˚. The overall soft tissue balance was adjusted and measured for straight alignment. The gap distance was then analysed with the navigation computer. Medial release was then performed in a step-bystep manner such that the medial and lateral gap difference was less than three millimetres at both full extension and 90°f lexion [6, 21, 22] . Following tibial and femoral trials, the components e.motion or Columbus Total Knee System (B. Braun Aesculap, Tuttlingen, Germany) were implanted.
Statistical analysis
Data input and statistical calculation were performed by SPSS ver. 12.0 J (SPSS Inc., Chicago, IL, USA). Spearman's correlation coefficients were estimated to investigate the relationship between the Japanese KOOS as patient-based outcome scores and JOA score, KSS knee, KSS function and satisfaction scores as conventional objective scales. Also, the correlation with KOOS and corrected FTA were investigated by Spearman's correlation coefficients. Comparisons of corrected values between primary and revision surgery as well as OA and RA patients were performed by analysis of covariance. Each score was correlated by age at surgery, gender and body mass index (BMI), and multiple comparisons were performed by the Bonferroni method. A p value below 0.05 was considered to be statistically significant.
Results
Patient evaluations
Mean values for all participants were 76.5±14. (Table 2 ).
X-ray findings
The overall mean value of corrected FTA was 7.6±7.2°. Postoperative FTA was significantly correlated with satisfactory score (r =−0.302). By contrast, increasing corrected angle affected the patient's subjective score, especially KOOS QOL (r =0.250, p =0.002) ( Table 3) . (Fig. 1) . There was no significant reference between the OA group and RA group in JOA score and KSS, respectively. Though KOOS pain of the OA group was 92.5, that of the RA group was 76.6 and showed a significantly low value (p = 0.003) (Fig. 2) .
Discussion
This study focused on the patient-based outcome scales of post-operative TKA patients. Symptoms and conditions in post-operative TKA patients were successfully evaluated by the Japanese KOOS. Although conventional objective scales indicated simply low scores, patient-based outcome scales showed good condition in regard to post-operative pain and symptoms. Regarding post-operative activity, while patients maintained knee function normally in their daily life, they could not perform high-performance activities needed for competitive sports. Also, post-operative knee-related QOL was low.
The results of this study suggested that it is necessary to use other types of measurement besides conventional objective scales in order to evaluate knee-related QOL and their satisfaction for post-operative patients. Post-operative TKA patients had their pain relieved and maintained their ADL, but showed low QOL in the Japanese KOOS. Correlation analysis showed that conventional objective scales such as JOA score and KSS were representative of mainly ADL or pain in patient-based related outcome scales; however postoperative patients' QOL showed weak correlation with objective scales. This study showed that it is difficult to evaluate the TKA patients only by objective scales, and KOOS provides useful scores for this aspect, because the Japanese KOOS is strongly correlated with SF-36 [16] .
The KSS knee score correlated strongly with KOOS pain. The results of this study showed that RA patients complained of pain, and in RA patients KOOS pain was lower than that of OA patients. A previous study reported that post-operative recovery rate in KSS knee score of RA patients was lower than that of OA patients [6] . However, it is not a simple process to compare the conditions of RA and OA exactly if the prosthesis, disease population, age at surgery and usual patients' activity levels are considered [5] . Regarding questionnaires for evaluation of pain, the JOA score consisted of two items with seven answer options, KSS consisted of one item with seven answer options and KOOS pain consisted of nine items with five answer options. This is one of the reasons why these detailed evaluation questionnaires may contribute to identifying the differences between these conditions. It was a very important finding that the strength of correlation between KOOS sports and conventional objective scales was limited to moderate in evaluating post-operative TKA patients. Recently it was shown that TKA improved the participation of patients in sports activities after surgery; it was reported that approximately 65 % of patients after TKA had returned to their sports activities [23] . However, increasing activities after TKA may potentially have negative effects that increase the risk of wear and tear and loosening of the implants. As careful followup is needed in these high activity patients, the Knee Society added evaluation items for patients with sports activities in the new Knee Society Knee Scoring System [24] . KOOS sports activities consist of "jumping" and "running", and these items made it possible to evaluate the knee function and symptoms in high activity patients which KOOS ADL could not [25] . KOOS would be a good parameter for activities in highly active patients such as younger patients after TKA.
There were several limitations to this study. First, patients with severe OA causing stiffness and post-operative TKA patients have difficulty in deep flexion of the knee and a restricted range of motion. In those with knee stiffness, scores of items like "bending to floor/picking up an object" and "squatting" become higher spontaneously. Second, differences in lifestyle affect their understanding. In Japan, the Japanese low level styles of bed and toilet are preferred especially by elderly people, unlike in Western countries. Slight differences would occur in the results of "rising from bed" and "getting on/off toilet" [16] . Third, one of the purposes of TKA was returning to work such as agriculture, which is a prevalent requirement in this region. However, there were no questionnaires about work-related motion such as "climbing up and down ladder" and "carrying heavy load". Fourth, this study had a small number of male patients, revision TKA and RA patients, which is less than optimal for comparative results. Finally, we could not compare the immediate change after surgery, because there were no preoperative data for the Japanese KOOS. However, preoperative evaluation is also necessary for further extensive understanding of symptoms after TKA. Currently a study to investigate perioperative changes of patient-based scores is now running to assess this point.
Conclusions
The Japanese KOOS detected low QOL besides relief of pain and maintaining ADL after TKA surgery. Conventional objective scales reflected mainly knee-related low activity and were correlated strongly to ADL disturbances. This result suggested that it is necessary to use the patient-based outcome scores to evaluate knee-related QOL and level of satisfaction with TKA. This study showed that KOOS is useful to acquire extensive information about OA patients' conditions.
